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(57) Abstract 

The invention relates to an electrical initiator (10) which can 
be used with an automobile air bag or seat belt prctensioncr. The 
initiator (10) comprises a header (100), a cup ( 1 60), conducting pins 
(20, 21), epoxy pin seals (140), a bridge-wire (30), a primer (40), 
and an output charge (170). In some embodiments, the initiator 
(10) also includes a director can (306). The header (100) and die 
cup (160) are composed of an insulating dielectric material capable 
of being ultrasonicaUy welded together. The header (100) secures 
the pins (20, 21). Each pin (20, 21) is electrically conductive and 
each is formed with a buttress knurl (50) to form a seal when 
each pin (20, 21) is inserted into the header (100). Additionally, 
the pins (20, 21) arc further sealed to the header by an epoxy 
sealant (140) and the interference fit of the pin to the header. The 
bridgeware (30) connects the pins (20, 21) together on one side of 
the header (100). An electrical signal through the brieve wire (30) 
generates beat igniting the primer (40), Primer (40) reacts with the 
output charge (170) that in turn ignites a solid gas gene rant (305) 
that produces gas that Gils air bags or activates the gas generator 
that drives seat belt pretensioners. The primer (40) contacts the 
bridgewirc (30). The output charge (170) contacts the primer (40). 
The output charge (170) is in the cup (160) and the cup (160) is 
ultrasonicaUy welded to the header (100) to provide, along with the 
pin seals (140), an environmentally secure seal Furthermore both 
the primer (40) and a flash charge (1050) contain Kratoo G (TM) 
and Kraton FG (TM) as well as Potassium perchlorate (KC 10) and 
Zirconium (Zr). 
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Electrical Initiator 



BACKGROUND OF THE INVENTION 

The present invention relates to the field of 
electrical initiators and gas generators. More 
particularly, the present invention relates to electrical 
5 initiators used to ignite gas generators for inflating 
air bags and for electrically initiated gas generators 
for seat -belt pretensioners in automobiles during 
collisions. 

Air bags and seat belt pretensioners play an 

10 important role in reducing death or injuries in 
collisions. An initiator has a crucial role in 
activating these safety mechanisms by quickly converting 
an electrical signal from a collision detection system to 
rapidly moving, hot particles. These hot particles ignite 

15 a solid gas generant which in turn produces the gas 

necessary to inflate an air bag or activate a seat -belt 
pretensioner. 

Conceptually, an electrical initiator contains a 
number of components. It has a header and a cup that are 

20 attached together to form a cavity. An initiator also 
has two electrically conductive pins that provide a 
conduction path from the outside of the header and cup 
into the cavity. Inside the cavity, the pins are 
connected together by an electrically resistive device, 

25 called a resistor in this discussion. 
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When the resistor is composed of a piece of metal, 
the resistor is called a bridgewire. 

The resistor is surrounded by a chemical compound 
called the primer that is very sensitive to temperature. 
5 Adjacent to the primer is another chemical compound 
called the output charge. The output charge and the 
primer together are referred to as the ordnance. The 
ordnance is contained by the formed cavity. 

The initiator is contained in a device called a gas 
10 generator. For simplicity in describing the operation of 
an initiator in the context of a safety system, the cup 
of the initiator can be thought of as being surrounded by 
a solid chemical called the gas generant. When the solid 
gas generant is ignited, it produces a gas. 
15 operation of an initiator begins with the 

arrival of an electrical signal at the conductive pins. 
The resistor converts the electrical energy in the signal 
into thermal energy. That thermal energy causes the 
resistor temperature to rise which starts a pyrotechnic 
2 0 reaction in the primer. The pyrotechnic reaction in the 
primer causes a pyrotechnic reaction in the output 
charge. The increased pressure and heat generated by 
these reactions causes the cup to rupture. The high 
pressure spreads hot gases and particles outward to 
25 ignite the solid gas generant to produce gas. This gas 
can then be used to inflate an air bag or move a piston 
to operate a seat belt pretensioner . 

A commercially successful initiator used in 
automotive safety systems must be fast, reliable and 
30 consistent. It also must be economical to construct. 

An initiator must be reliable and fast because it 
must reliably ignite when required and never ignite 
unintentionally. An initiator can spend years unused in 
a car before it needs to work. It must be fast because 
35 the gas generators must inflate an air bag or tighten a 
seat belt in time to prevent injury to the automobile 
occupants. It must be fast so that the safety system 
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designers can make sure that all parts of the safety 
system work at the precisely the proper time to provide 
the protection to the occupants. 

Some initiators requiring high reliability and 
5 consistency use a metal header and employ a glass-to- 
metal seal or a ceramic-to-metal seal between the pins 
and the header, and have a metal cup welded to the 
header. In these initiators one or both pins are fed 
through the metal header via a glass or ceramic insulator 

10 which seals the metal pin to the insulator and the 
insulator to the metal header. If only one pin is 
insulated from the header, the header itself acts as part 
of the conductive path to the cavity. 

The glass-to-metal seal or ceramic-to-metal seal is 

15 a hermetic seal and is strong enough to hold the pin or 
pins in place during the time that the initiator is 
operating. These types of seals isolate the resistor, 
the primer, and the output charge from external moisture 
and humidity fluctuations. Moisture in the ordnance 

20 reduces the initiator's ability to fire promptly and 
consistently upon receipt of the proper electrical 
signal . 

An initiator must be economical to build. Glass-to- 
metal, ceramic- to-metal and metal -to-metal welded seals 

25 are expensive. They may be the most expensive aspect of 
constructing an initiator. Unfortunately, initiators 
using less expensive materials such as nylon are much 
less reliable. For instance, an initiator may use a 
plastic header and cup. Sometimes initiator 

30 manufacturers attempt to provide an environmental seal 
between the header and cup by use of crimps or potting 
material. Although this type of initiator is less 
expensive, it does not provide a seal suited for the 
demands of the automotive environment, nor is it able to 

35 provide the long term reliability critical for this type 
of safety application. 
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Existing initiators using plastic are not effective 
in isolating the primer and output charge from the 
environment, A path for the intrusion of moisture may 
exist between the pins and the plastic header. For 
5 example, some initiators are constructed by molding the 
pins in the header. The header may pull away from the 
pins when the injected plastic cools, thus leaving a path 
for moisture. 

Plastic headers and cups have very large 
10 coefficients of thermal expansion compared to glass -to- 
metal headers. Expansion and contraction over a long 
lifetime, e.g. 15 years, in an automotive environment can 
mechanically stress the resistor. Fractures in the 
resistor can cause electrical problems that lead to late 
15 firing of the initiator or even complete failure. 

Some initiators have the resistor attached to the 
pins with solder. One problem with this approach is that 
the solder flux can contaminate the primer. Soldering 
also does not guarantee a reliable connection. Both of 
20 these problems can make the initiator unreliable. In 

addition, soldering requires additional materials, i.e. 
solder and flux. This makes an initiator using these 
materials more difficult and expensive to build than one 
without those materials. 
25 When properly deployed, the initiator will receive 

an electrical signal from the sensing system. However, 
the initiator can be inadvertently triggered by static 
electricity generated while the initiator is being built 
or installed. This creates a substantial safety hazard 
3 0 to workers and equipment . 

The ideal output charge would have several important 
characteristics. It would maintain its ignition and 
combustion characteristics in the presence of moisture. 
It would produce numerous hot particles to ignite the gas 
3 5 generant. It would also be relatively insensitive to 

ESD. Although far from ideal, many initiators use black 
powder as an output charge. 
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Initiators have used a primer composed of normal 
lead styphnate (NLS) with nitrocellulose as a binder. 
However, this primer does not have good heat transfer 
properties and will fail the no- fire requirement unless a 
5 large diameter bridgewire is used, or the primer's heat 
transfer characteristics are modified. A typical no-fire 
requirement is that the primer must not ignite 99.9% of 
the time with a 95% confidence level at 200 milliamps 
applied for 10 seconds at 85 °C. However, a larger 
10 bridgewire will cause the initiator to have a slower 
response time, which may lead to failing the response 
time requirement and the all-fire requirement. A typical 
all-fire requirement is that the primer must ignite 99.9% 
of the time with a 95% confidence level at 800 milliamps 
15 applied for 2 milliseconds at -35°C. 

Because nitrocellulose is less thermally stable than 
normal lead styphnate and because it does not provide the 
primer with good heat transfer characteristics, primers 
using nitrocellulose have poor long term aging 
20 characteristics, poor thermal heat sink capability, and 
lack the required resiliency to survive thermal and 
mechanical shock readily. The lack of resiliency means 
that the primer is stiff and brittle, and therefore is 
incompatible with an ultrasonic welding process. 

25 

SUMMARY OF INVENT TOW 

The present invention provides a low cost electric 
initiator with high reliability. it achieves the 
reliability of an initiator having more expensive 
30 components by its selection of the pins' structure, the 
attachment of the pins to the header, the attachment of 
the header to the cup, attachment of the resistor to the 
pins, resistor structure, and output charge and primer. 
In one embodiment, the present invention uses pins 
35 formed with buttress knurls (i.e. barbs). One purpose of 
the buttress knurls is to hold the pins in place once 
they are inserted. Another purpose is to form an 
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environmental seal by biting into the plastic at many 
locations creating a labyrinth seal. When pins having 
buttress knurls are inserted into a plastic header with 
the appropriate amount of force, the elastic properties 
5 of the plastic cause the header to snap back to seal the 
pins in place. 

To provide an additional seal for the pins, a 
resilient epoxy is placed in small wells at the bottom of 
the header where the pins exit the header. The epoxy 
10 bonds to the pins and to the header forming another 

environmental seal on the pins. Preventing leaks via 
the pins is one of the contributions of the present 
invention. 

In an alternate embodiment , the pin is made without 
15 flutes and slightly wider than the intended hole. The 

environmental seal is established by the interference fit 
that occurs -from forcing such a pin into the hole. 

The header and cup of the present invention are each 
made by injection molding of polybutylene terephthalate 
20 (PBT) . One suitable plastic is Valox DR48. A Valox DR48 
header and cup can withstand the rigors of the automotive 
environment and are capable of being ultrasonically 
welded together. 

One embodiment of the present invention uses a metal 
25 bridgewire for a resistor, and metal resistance welds to 
provide high reliability in attaching the bridgewire to 
the pins. It also minimizes the risk of contaminating or 
interacting with the primer or output charge because 
there is no solder or flux. 
30 The present invention provides a small loop in the 

bridgewire as a stress relief to provide for the 
situation where the metal pins move because of thermal 
expansion and contraction of the plastic header. 

In a preferred embodiment, the present invention 
35 uses BKN0 3 (boron/potassium nitrate) as an output charge 
for at least three reasons. First, BKN0 3 ignition and 
combustion characteristics are much less sensitive to 
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moisture than conventional black powder. This helps make 
the present invention more reliable and predictable in 
the field and easier to manufacture. Second, BKN0 3 
produces more hot particles and more metallic slag than 
5 black powder. This helps the present invention ignite the 
gas generant more efficiently than conventional 
initiators. Third, BKNO3 is less susceptible to ESD than 
black powder. This makes constructing and using the 
present invention safer than constructing and using 

10 conventional initiators. 

The present invention provides for doping the primer 
with microscopic particles of aluminum powder to increase 
the heat transfer characteristics of the normal lead 
styphnate based primer. 

15 The present invention attaches the cu: to the header 

using an ultrasonic weld. This weld provides a high 
quality environmental seal between the header and the 
cup. In an alternate embodiment, the cup can be attached 
to the header with a thermal weld. 

20 The present invention uses a thermally stable. and 

resilient binder to provide a primer that is more 
resistant to long term, high temperature aging and 
thermal shock. This binder is resilient, and thus 
protects whatever device, such as a metal bridgewire, is 

25 used for the resistor from mechanical shock during the 
ultrasonic welding process. 

In addition, the present invention's use of a 
plastic with high dielectric strength provides good ESD 
protection. The ultrasonic weld prevents an air path for 

30 discharge. The use of a sufficient thickness of the 
plastic with high dielectric strength insulates the 
primer and output charge from ESD avoiding the need for a 
separate spark gap. 

One aspect of the present invention increases the 

35 no- fire capability of the part by providing an inert 

material that surrounds the heads of the pins inserted 
into the header. The inert material has better heat 
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transfer characteristics than the plastic header. Using 
the inert material to fill the void between the pins 
reduces the volume that the primer has to occupy. This 
reduces the quantity of primer required. Reducing the 
5 amount of primer facilitates using a different primer 

composition, particularly a composition with less binder 
material. Using less binder material increases ignition 
reliability. 

Using an inert material to surround the heads of the 

10 pins also helps to eliminate the formation of voids in 
the primer around the bridgewire. Voids can be created 
by the solvent in the primer evaporating too rapidly. 
Reducing the depth of the primer also controls the 
creation of voids in the prime. Compared to the thermal 

15 conducting characteristics of the primer, voids act as 
thermal insulators. Therefore, voids formed on the 
bridgewire inhibit ignition, and may lead to an 
initiator that does not meet the all-fire requirement. 
Voids formed near the bridgewire or covering only a 

20 portion of it may result in local hot spots when a small 
amount of current passes through the bridgewire. These 
hot spots can ignite the ordnance with much less current 
than normally required. Therefore, voids can lead to an 
initiator that does not satisfy the no-fire requirement. 

25 Eliminating the formation of voids thus enhances 
initiator reliability. 

An aspect of the invention permits the use of the a 
primer solvent with a relatively slow evaporation rate. 
The quantity and type of solvent affects the formation of 

30 voids. Reducing the quantity of primer applied in a 

single application reduces the amount of solvent used. 
This relaxes many of the constraints on the evaporation 
rate of the solvent . A slow evaporation rate reduces the 
formation of voids. 

35 The inert material also provides additional 

retention force to hold the pins in the header. 
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An aspect of the present invention provides a 
rounded end to the output cup holding the output charge 
to prevent damage to the output cup and to the output 
charge when the cup is ultrasonically welded to the 
5 header. This rounded end improves the coupling of the 
ultrasonic energy and reduces the amount of energy 
required to form the ultrasonic bond. The rounded end 
also reduces the variation in energy required to 
manufacture each part* This, in turn, leads to less 

10 variation in the manufactured parts. 

An aspect of the present invention provides a three 
layer ignition structure comprising a primer located near 
a resistor, a flash charge covering the primer, and an 
output charge on top of the flash charge. The 

15 composition of the primer can be adjusted to provide a 
wide degree of control of the all -fire and no-fire 
characteristics. The composition and quantity of the 
flash charge can be adjusted to generate ordnance output 
quickly once ignited. This provides a fast function time 

20 with little variance. The output charge composition can 
be adjusted to provide increased pressure and hot 
particles to maximize the impact of the pyrotechnic 
materials . 

One aspect of the present invention reduces the 
25 variance in the no- fire and all -fire characteristics 

across all assembled part by lightly pressing the moist 
primer covering the bridgewire. 

One aspect of the present invention uses a lead- free 
primer. Another aspect of the present invention uses a 
30 lead- free flash charge. Using a lead- free primer or 

flash charge removes a source of lead in the environment 
where the initiator is used. 

Additionally, an embodiment of these primers has an 
enhance ability to adhere to the resistor and header. 
35 This further simplifies the process of ultrasonic welding 
the output cup to the header. Additionally, such a 
primer is also very resistant to the effects of moisture 
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10 



15 



and electrostatic discharge, thus enhancing the 
reliability and safety of the initiator. 

One aspect of the present invention decreases the 
electrostatic discharge sensitivity of an assembled part 
by applying a conductive material along the outside of 
the header body. This conductive material provides a 
conductive path from the metal can covering the plastic 
output cup to locations near the pins on the part. This 
reduces the size of the gap that a spark must jump on the 
outside of the part to discharge any electrostatic charge 
that has built up between the metal can and the pins. 
One way an electrostatic charge build-up can be discharge 
is by arcing in air from the metal can to the pins along 
the outside of the initiator. Another way an 
electrostatic charge build-up can discharge is by arcing 
through the ordnance to the pins inside the initiator. 
This internal arcing may ignite the ordnance. Providing 
a conducting path that reduces the size of the gap 
between the pins and the metal can makes it more likely 
that any electrostatic discharge will occur outside of 
the part and not along an arc that traverses the 
ordnance. This makes the part safer to handle. 

One aspect of the present invention increases the 
ability of the part to withstand back pressure during 
25 ignition by providing a metal backing behind the 

initiator. An initiator is placed into a system with the 
intent that the particles and gasses created during 
ignition move in a particular direction, namely away from 
the header and into a gas generant . However, the 
mechanical forces created during ignition may also 
overstress the plastic and cause the header to rupture. 
This would permit some of the particles and gasses to 
flow away from the gas generant, thus decreasing the 
effectiveness of the initiator. A metal housing behind 
the initiator helps reduce the risk of this occurring by 
providing additional support to the header. 



20 
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An aspect of the present invention provides for 
doping the primer with microscopic particles of zirconium 
powder to increase the heat transfer characteristics of 
the normal lead styphnate based primer. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of an embodiment of a 
gas generation system using an embodiment of an 
electrical initiator. 
10 Figure 2 is a cross-section of an embodiment of an 

electrical initiator . 

Figure 3 is an external view of an embodiment of an 
electrical initiator. 

Figure 4 is a cross-section of an embodiment of a 
15 header with pins installed. 

Figure 5 is an external view of an embodiment of a 
pin showing a buttress knurl section. 

Figure 6 is an enlarged view of an embodiment of a 
buttress knurl section. 
20 Figure 7 is a cross-sectional view taken from the 

side of an alternate embodiment of a header with inserted 
pins showing the use of inert material between and around 
the heads of the pins. 

Figure 8 is a view of the top of a header with pins 
25 inserted and with inert material surrounding the heads of 
the pins. 

Figure 9 is a bottom view of an initiator showing 
the conducting stripes. 

Figure 10 is a cross -sectional view showing a three 
30 layer ignition structure and the conducting stripes. 

Figure 11 is detailed cross -sectional view of the 
three layer ignition structure in Figure 10. 

Figure 12 is a cross -sectional view of an alternate 
embodiment of an output cup having rounded corners. 
!5 Figure 13 is a cross -sectional view of an alternate 

embodiment of a gas generator. 
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Figure 14 is a cross-sectional view of an embodiment 
of a gas generator that uses only a primer, a flash 
charge and a gas generant. 

Figure 15 is a cross-sectional view of an embodiment 
5 of a gas generator showing a metal plate backing with 
holes for the pins. 

Figure 16 is a cross-sectional view of an embodiment 
of a gas generator that uses only a primer , a flash 
charge and a gas generant, and has a metal plate backing 
10 with holes for the pins. 

Figure 17 is a cross-sectional schematic showing the 
ultrasonic welding process. 

Figure 18 is a cross-sectional view of a header 
illustrating the details of the cup well before welding. 
15 Figure 19 is a cross-sectional view of a header 

illustrating the details of the cup well after welding. 

Figure 20 is a cross-sectional schematic showing the 
ultrasonic welding process on an alternate embodiment of 
an initiator that has a flange. 
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DETAILED DESCRIPTI ON OF THE PREFERRED EMBODIMENT 

The following description is the best contemplated 
mode of carrying out the invention. This description is 
made for the purpose of illustrating the general 

25 principles of the invention and should not be taken in a 
limiting sense. The scope of the invention is best 
determined by reference to the appended claims. In the 
accompanying drawings like numerals designate like parts 
in the several figures. 

30 Figure 1 is a block diagram showing how an initiator 

10 of the present invention may be used as part of a gas 
generation system. The initiator 10 is connected to a 
triggering system 300 by electrical connections 301 and 
302. The initiator 10 is within a gas generator 303. 

35 The gas generator 303 contains a gas generant enclosure 
3 04 that holds a solid gas generant 305. The gas 
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generant enclosure 304 has small holes on the surface 
located away from initiator 10 to allow gas created fro© 
burning solid gas generant 305 to exit the system. The 
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gas generant enclosure 304 also has holes or burst 
regions on the surface closest to initiator 10. A 
director can 306 is a metallic container with holes that 
directs the gas and particles from a fired initiator 10 
5 into the gas generant enclosure 304. 

In an alternate embodiment, gas generant 305 could 
be something other than a pure solid. The gas generant 
305 could be a gas that is heated or ignited by the 
initiator. In one embodiment, argon is used. 
10 Figure 2 is a cross-section of one embodiment of the 

initiator 10 of the present invention. The initiator 10 
includes a header 100 and an output cup 160 of an 
insulating dielectric material. The header 100 and the 
output cup 160 define an enclosure filled with an output 
15 charge 170, a first primer 40 and a second primer 41. A 
set of conducting metal pins 20 and 21 are embedded in 
the header 100. Pin 20 has an inner end 22, also called 
a pin head, and an outer end 23. Pin 21 has an inner end 
24, also called a pin head, and an outer end 25. The 
20 pins 20,21 each have a buttress knurl 50 section which 
forms a seal with the header 100. 

Figure 3 is an external view of the same embodiment 
of the initiator 10 shown in Figure 2 except that the 
initiator 10 has been rotated 90°. Fingers 26 and 27 aid 
25 in maintaining the initiator's 10 connection to an 
external electrical connector (not shown) . 

The initiator of Figure 3 could have its output cup 
160 enclosed by a director can (not shown) . The director 
can would channel the ignited output charge as shown in 
3 0 Figure 1. 

In Figure 2, each pin 20,21 is preferably surrounded 
by an epoxy sealant 140 filling recesses 180 and 181. 
The portion of the pins 20,21 extending outside of the 
header 100 are used to connect initiator 10 to triggering 
35 system 300 (Figure 1) . Inner end 22 and inner end 24 

extend into the enclosure formed by header 100 and outout 
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In an alternate embodiment, the epoxy sealant 140 is 
omitted, and the cavity for the epoxy sealant may be 
eliminated. 

In order to convert the energy in the electric 
5 signal arriving at the pins 20,21 into thermal energy 

necessary to ignite first primer 4 0 and second primer 41, 
inner ends 22,24 need to be electrically connected 
together with some electrically resistive material or 
device. In a preferred embodiment, that connection is 
10 established with a bridgewire 30 composed of metal. In 
an alternate embodiment, the electrically resistive 
material or device can be a semiconductor bridge {not 
shown) . 

Figure 4 is a cross-section of the header 100 with 
15 pins 20,21 and bridgewire 30 of the same embodiment of 

the initiator 10 shown in Figure 2. Figure 4 shows the 
header before installation of the output cup 160. Cup 
well 70 provides a place to put the output cup 160 before 
ultrasonically welding it to header 100. Inner end 22 and 
20 24 and bridgewire 30 make intimate contact with first 
primer 40. 

As shown in Figure 2, the second primer 41 is 
identical in composition to first, primer 40 and is 
located at the opposite end of the output cup 160 from 

25 header 100. Second primer 41 is used to accelerate the 
burn rate of the output charge 170, and to simplify the 
manufacturing process. Proper ignition requires an 
appropriate total amount of primer. Placing all of the 
required primer on the bridgewire 30 can make 

30 manufacturing difficult. Putting second primer 41 in 

the output cup 160 means that less first primer 40 can be 
placed on the bridgewire 30 while still having the proper 
total amount of primer in the initiator. 

In an alternate embodiment, second primer 41 could 

35 be of a different composition than first primer 40. 

Figure 10 shows an initiator with a three layer 
ignition structure and a director can 190. Figure 11 
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shows the three layer structure in greater detail . A 
primer 1120 would be located next to the bridgewire 30. 
A flash charge 1050 would cover the primer 1120 , and the 
output charge 170 would be adjacent to the flash charge 
5 1050. This permits optimizing the composition of the 
primer 1120 to emphasize all-fire and no-fire 
characteristics. The flash charge 1050 would be 
optimized to burn quickly once initially heated by the 
primer 1120. Additionally, the flash charge 1050 would 
10 also be optimized to ignite the output charge 170 
promptly and completely. 

The pins 20,21 are composed of stainless steel to 
promote a good weld to the bridgewire 30. Gold plating 
on the inner ends 22,24 will not allow an optimum 
15 bridgewire weld in these circumstances- Therefore, if 

gold plated pins are used, the gold plating should either 
be omitted from the inner ends 22,24 at the time the pins 
are plated or abraded off before welding. 

In a preferred embodiment, bridgewire 30 is made 
20 from a nickel -chrome -iron alloy called Nichrome. 

Bridgewire 30 can also be composed of another metal, e.g. 
stainless steel or platinum. A preferred embodiment uses 
Nichrome because it has a large temperature coefficient 
of resistance (TCR) and welds well. The large TCR allows 
25 for a thermal transient test after bridgewire 30 is 

welded and after first primer 40 in Figure 2, or primer 
1120 in Figure 11 is added. This test performs a quality 
check on the weld. This test also verifies that the 
primer 40 or primer 1120 has been applied and is making 
30 good contact with the bridgewire. 

Instead of using a piece of metal to connect the 
inner ends 22,24 together, other resistive devices can be 
used. For example, a semiconductor bridge suitable for 
use in the initiator 10 is disclosed in U.S. Application 
35 Serial No. 08/023,075, filed February 26, 1993 and 

commonly assigned to Quantic Industries, the disclosure 
of which is hereby incorporated by reference. Another 
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embodiment for a semiconductor bridge is disclosed in 
U.S. Pat. No. 3,366,055 to Hollander, the disclosure of 
which is hereby incorporated by reference. Another 
embodiment for a semiconductor bridge is disclosed in 
5 U.S. Pat. No. 4,976,200 to Benson, et al. (Sandia) , the 
disclosure of which is hereby incorporated by reference. 
Another embodiment for a semiconductor bridge is 
disclosed in U.S. Pat. No. 5,085,14 6 to Baginski, the 
disclosure of which is hereby incorporated by reference. 

10 A method for attaching semiconductor bridges to headers 
is disclosed in U.S. application 08/170,658, the 
disclosure of which is hereby incorporated by reference. 
The method for attaching semiconductor bridges to headers 
is also disclosed in Patent Cooperation Treaty 

15 application PCT/US94- 01606, the disclosure of which is 
hereby incorporated by reference. 

Figure 5 is an external view of pin 20 showing the 
inner end 22, outer end 23 and the buttress knurl section 
50. The buttress knurl 51 is designed so that the sharp 

20 edges extend beyond the pin diameter. They are also 
designed to engage the header 100 (Figure 4) in the 
opposite direction in which the pin is inserted. The 
design is manuf acturable at a low cost by a conventional 
cold working process used for manufacturing screws or 

25 nails. The number of flutes was optimized for retention 
sealing and manuf acturability. The critical features are 
number, spacing, angle, outside diameter, and their 
sharpness . 

Figure 6 shows an enlarged view of a buttress knurl 
30 section of the preferred embodiment shown in Figure 2. 

Favorable results have been obtained with the following 
specifications. The flute angle 52 is specified to be 
30° off of pin center line 400. The spacing between 
flutes 410 is specified to be 0.3 millimeters. The flute 
35 extends 0.020 millimeters beyond the outer diameter of 
the pin 20,21. The outer edge of the flute should be 
made as sharp as possible. 
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Favorable results have been achieved with the 
following specifications for pins 20 and 21. The 
buttress knurl section 50 contains seven flutes 51. As 
shown in Figure 5, the pin 20,21 is specified to be 11.0 
5 millimeters from the side of the inner end 22,24 

contacting the header 100 to the outer end 23,25. The 
pin 20,21 is specified to be 1.0 millimeters in diameter. 
The inner end 22,24 is specified to be 0.28 millimeters 
thick, as shown by dimension 53, and offset from pin 
10 center line 400 by 0.66 millimeters, as shown by 

dimension 52. The inner end 22,24 is also known as a 
pin head. 

The operation of the initiator 10 begins with the 
arrival of an electrical signal at the pins 20 and 21. 

15 The electrical signal must produce enough current to heat 
the bridgeware 3 0 to the point where the first primer 40 
ignites. The preferred embodiment requires 800 milliamps 
for 2 milliseconds to initiate ignition of the primer 
discussed below reliably. 

20 For a specified electric current and voltage 

delivered by the triggering system 300, the ignition 
characteristics of the initiator 10 can be changed by 
changing the composition of the primers 40,1120, or the 
resistivity, diameter and length of the bridgewire 30. 

25 Changing the composition of the primers 40,1120 changes 

the heat sensitivity, thus making it easier or harder for 
the primers 40,1120 to ignite for a given amount of 
delivered electric energy. Changing the resistivity, 
diameter or length of the bridgewire 30 changes its 

3 0 electrical characteristics, thus determining the amount 
of heat per unit area that the bridgewire 30 produces. 
In one embodiment, the bridgewire 3 0 is 0.040 inches long 
and 0.0009 inches in diameter. 

The first primer 40 and the second primer 41 are 

\5 composed of normal lead styphnate, a binder material, a 
heat transfer agent, and a solvent. A good choice of a 
binder material is Florel 2175, a f luroelastomer similar 
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to Kel-F. Kel-F is more widely used but more expensive 
than Florel 2175. One could also use Kraton which is a 
thermoplastic rubber, or Viton A or B which are rubber 
compounds. Aluminum powder or zirconium powder make a 
5 good heat transfer additive. Favorable results have been 
achieved when the primer proportions by dry weight are 
85% normal lead styphnate, 5% aluminum, and 10% Florel 
2715. The aluminum can range from 3% to 10%, the Florel 
can range from 6% to 12% with the normal lead styphnate 
10 comprising the balance. A solvent is added to this 

mixture to allow the primer to be applied. A 50%- 50% 
mixture of MIBK or MBK and N-butyl acetate makes a good 
solvent. To make the primer slurry needed for making the 
initiator, it is preferred to add an amount of the 
15 specified solvent composing 30% of the weight of the dry 
primer. For best results, the slurry should be of a 
uniform consistency. Therefore, the slurry should be 
kept agitating until it is used. 

Zirconium/potassium perchlorate could be used 
20 instead of normal lead styphnate as the energetic 
material, but it is not as temperature sensitive. 
However, zirconium/potassium perchlorate does not need to 
have aluminum added because the zirconium provides good 
heat transfer characteristics. Favorable results could 
25 be achieved using a zirconium/potassium perchlorate 
mixture with 45% to 55% zirconium by weight with the 
balance being potassium perchlorate. The 
zirconium/potassium perchlorate mixture can be combined 
with a binder that composes 3% to 10% by weight of the 
30 zirconium/potassium perchlorate and binder mixture. 

Additionally, the primers 40, 1120, and flash charge 
1050 must be resilient enough to withstand damage from 
vibrations from the ultrasonic welding process which 
connects the output cup 160 to the header 100. The 
35 choice of materials in this embodiment provides primers 
40,41,1120, and flash charge 1050 that do not transfer 
damaging vibrations to the bridgewire 30. 
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Figure 11 shows a three layer ignition structure. 
In one favorable embodiment, the primer 1120 is composed 
of l0%-50% normal lead styphnate, 1%-10% -325 mesh flake 
aluminum, 15%-40% zirconium with a nominal particle size 
5 of 2.5 microns, plus or minus 1 microns, 20%-50% KC10 4 
with a nominal particle size of 10-20 microns, l%-7% 
Kraton G, and 0.5%-4% Kraton FG, with all percentages by 
weight. In one embodiment, the primer 1120 is composed 
of 28.36% normal lead styphnate, 3.07% flake aluminum, 
10 29.97% zirconium, 34.86% KC10 4 , 2.56% Kraton G, and 1.16% 
Kraton FG, with all percentages by weight. In one 
embodiment, Kraton G-1652 and Kraton FG-1901X are used. 

The Kraton FG binder is very resistant to the 
ultrasonic weld process used to assemble the initiator. 
15 Kraton FG and Kraton G are thermoplastic rubbers that are 
often described as solution cast thermoplastic rubbers. 
Solution cast means that the material dissolves in a 
suitable solvent, e.g. toluene, N-amyl acetate, 
cyclohexane, or others. The addition of the small 
20 percentage of Kraton FG to the mix improves the adhesion 
of the primer and flash charge to the header and 
bridgewire. It also improves the uniformity of the 
material. There must be a careful balance between the 
amount of binder and the rest of the materials. If 
25 Kraton FG is used instead of the combination of Kraton G 
and Kraton FG, the binding action is so strong that the 
ordnance output is inhibited. Additionally Kraton FG is 
prone to the formation of voids so the amount used must 
be minimized. If Kraton G is used instead of the 
30 combination of Kraton G and Kraton FG, more binder by 

weight is required to achieve similar binding action and 
the ordnance output is reduced. Kraton FG and Kraton G 
are available from the Shell Chemical Company, 4225 
Naperville Road, Suite 375, Lisle, Illinois 60532-3660. 
35 The material is described in a data sheet available from 
Shell Chemical entitled "Kraton Thermoplastic Rubber, 
Typical Properties, 1992." 
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Other binder combinations could be developed by one 
skilled in the art including the use of energetic binders 
and other rubbery binders such as the traditionally used 
Viton A and B developed by Dupont. The essential 
property of the binder is that it must provide a 
resilient homogenous matrix to support the other 
materials and survive the ultrasonic welding and thermal 
shock environment without significantly retarding the 
ordnance output. Traditional nitrocellulose binders for 
NLS are not sufficiently thermally stable for use in 
initiators and are too brittle to survive the ultrasonic 
welding process. 

The primer in the three layer ignition structure 
shown in Figure 10 is made by ball milling -100 mesh 
normal lead styphante for 24 hours to produce a material 
with 3 to 5 micron mean particle size. This dry material 
is then mixed in a ball mill with 300 grams of one- 
quarter inch stainless steel balls with the materials in 
the proportions described previously using Toluene as a 
solvent. The solvent is then evaporated and 
approximately 35 milliliters of N-Amyl Acetate is added 
per 50 grams as a solvent. The material is then mixed in 
a magnetic stirrer and applied to the resistor that is 
installed in the header by brushing or dispensing during 
the assembly process described later. 

The increase in the zirconium and KC10 4 increase the 
no-fire level of the primer 1120. The reduction in the 
amount of the binding material improves the ordnance 
output because the binder retards thermal propagation. 
The change in solvents and the addition of Kraton FG 
makes the j imer stick to the resistor more tenaciously 
than the first primer 40, even though less binding 
material is used. 

In a favorable embodiment , the flash charge 1050 
used in the three layer ignition structure shown in 
Figure 10 is composed of 0%-25% zirconium, 0%-25% KC10 4 , 
20%-80% -100 mesh normal lead styphnate, 5%-50% 3-5 
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10 



micron mean particle size normal lead styphnate, l%-5% 
Kraton G, and 0.1%-5% Kraton FG by weight- In one 
embodiment, the flash charge is composed of 7.5% 
zirconium, 7.5% KC10 4 , 71% -100 mesh normal lead 
styphnate, 10% 3-5 micron mean particle size normal lead 
styphnate, 3% Kraton G, and 1% Kraton FG by weight ♦ The 
KC10 4 in this embodiment is 24 hour ball milled to an 
average particle size of 3 to 8 microns. In one 
embodiment , Kraton G-1652 and Kraton FG-1901X are used. 

A 50 gram batch of this material can be made by 
mixing the material with N-Amyl Acetate solvent for 15 
minutes with 60 quarter inch steel balls on a 45 degree 
mil. After this, the material is magnetically stirred 
for at least one half hour before being applied to 
15 initiators by brush or dispenser. The flash charge 1050 
is applied after the primer is applied and partially 
dried. 

The flash charge 1050 includes larger particles of 
normal lead styphnate to improve thermal propagation. 
20 Primer 1120 and flash charge 1050 also easily 

withstand the ultrasonic welding process, and are very 
resistant to the effects of moisture. 

In one embodiment, a lead- free primer can be used 
instead of first primer 40, second primer 41 , or the 
25 primer 1120 in the three layer ignition structure of 
Figure 11. In a favorable embodiment, the lead- free 
primer has the composition 30%-60% zirconium, 30%-60% 
KC10 4 , 1%-10% flake aluminum, 2%-8% Kraton G, and 0.1%-5% 
Kraton FG by weight. In one embodiment, the lead- free 
30 primer has the composition 43% zirconium, 50% KCl0 4 , 3% 
flake aluminum, 3% Kraton G, and 1% Kraton FG by weight. 

The lead- free primer can be made by blending the 
materials in a blending jar with 3 00 grams of one-quarter 
inch hardened stainless steel balls for 20 hours with 
35 Toluene. The blended materials are then dried, and N- 

Amyl Acetate is added. This material is then mixed with 
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a magnetic stirrer for 8 hours, and applied to parts with 
a brush or by dispensing. 

In one embodiment, a lead-free flash charge can be 
used, in a favorable embodiment, the lead- free flash 
5 charge has the composition 10%-50% potassium ferricyanide 
(111) (K 3 Fe(CN> 6 ), 30%-75% KClC> 4 , 0%-20% zirconium, l%-8% 
Kraton G, and 0.5%-6% Kraton FG. In one embodiment, the 
lead-free flash charge has the composition 27.2% 
potassium ferricyanide (ill) (j^Fe (CN) 6 ) , 63.4%KC10 4 , 4.9% 
10 zirconium, 2.25% Kraton G, and 2.25% Kraton FG. These 
embodiments can also be used as a lead-free primer* 

The output charge 170 needs to be composed of 
materials that will produce hot gases and particles that 
will cause the solid gas generant 3 05 to change into a 
15 gas. The output charge must also not degrade over time 
or with variations in temperature. 

In one embodiment, favorable results are obtained 
when using 65 to 85 milligrams of BKNO a f with 50 
milligrams preferred, for the output charge 170, 20 
milligrams of the favorable primer mix for the first 
primer 40, and 20 milligrams of the favorable primer mix 
for the second primer 41. 

In a three layer ignition structure, favorable 
results are obtained when using 65mg to 85mg of BKN0 3 for 
the output charge 170, 5mg of the favorable embodiment of 
primer 1120, and 25mg of the flash charge 1050. 

The header 100 and output cup 160 are injection 
molded from a material, such as Valox DR4 8, which is 
resistant to the automotive environment and which can be 
3 0 ultrasonically welded. 

Another material that can be used for the header and 
the output cup is Valox 430, which has a higher glass 
content than the DR48 material. Also, Vectra 515, which 
is a liquid crystal polymer, made by Hoechst Celanese 
35 Advanced Materials Group in Chatham, NJ can be used. 

In one embodiment, the output cup 160 is shaped with 
a rounded external corner 166 and a rounded internal 



20 



25 



WO 95/11421 



PCT/DS94/12068 



corner 165 to facilitate ultrasonic welding- This is 
shown in Figure 12. The rounded corners reduce the 
welding energy required and eliminate output cup damage. 
Superior results have been achieved when the radius of 
5 the corners is 1.5 millimeters. In an alternate 
embodiment, the radii of each corner is different . 

The pins 20,21 are formed with a buttress knurl 50. 
The pins 20,21 can be either machined or cold formed. 
Cold forming reduces cost . The knurl is an important 
10 factor in rigidly retaining the pins in the header and in 
providing a durable environmental seal. Each pin 20,21 
is then inserted into the header 100 with a force of 
approximately 50-500 pounds, with 100 pounds preferred, 
so that each pin 20,21 is driven into the header 100 and 
15 the inner end 22,24 is in close proximity to the header. 
In one embodiment, the inner end is at an approximate 
height of 0.020 inches above the header 100. During this 
insertion the pins 20,21 are pushed into the header 100 
so that the buttress knurl section 50 fully engages the 
20 header 100. In one embodiment, each pin 20,21 is 

inserted separately. When the insertion force is removed 
from a pin 20,21, the natural spring back of the plastic 
material comprising the header 100 forces the pin 20 or 
21 back up. The buttress knurl section 50 as formed has 
25 sharp edges which bite or cut into the plastic of the 
header 100 when the pin 20 or 21 tries to spring back. 
This allows the buttress knurl 50 to bite into the header 
material like the back of a hook. This biting into the 
plastic forms a seal at each edge of the buttress knurl 
30 section 50. The multiple sharp edges of the buttress 
knurl section 50 provide an environmental seal between 
the pin 20,21 and the plastic comprising the header 100. 

In an alternate embodiment, if the pin is slightly 
larger than the long hole that it is being inserted into, 
35 the pin can also establish a seal by an interference fit 
over the long length. Such a pin need not have flutes. 
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Then, to further assure the integrity of the seal, 
epoxy 140 is deposited and cured in the recesses 180/181 
at the base of the header. In a preferred embodiment, a 
one part epoxy pre -form, such as a DC- 003 Uni-Form can be 
5 used. DC-003 Uni-Form is available from Multi-Seals, 
Inc. 

In one embodiment, shown in Figure 7 and Figure 8, 
the gap between the pins is filled with an inert material 
175. To fill the gap, an inert potting material 175 is 
10 applied around the heads of the pins 20, 21 on the header 
100. One choice for inert potting material is A2 with 
activator E, which was made by Armstrong which is a 
division of Morton International Specialty Chemicals 
Group of Warsaw, Indiana. It is available from Resin 
15 Technology, 28 Norfolk Avenue, South Easton, MA 02375. 

The inert potting material is then cured. The pin head 
side of header 100 is then lapped to remove the potting 
material covering the heads of the pins 20, 21. The 
lapping operation will also remove any gold plating on 
20 the heads of the pins 20, 21. 

In an alternate embodiment, the gap between the pins 
can be filled before applying the epoxy 140. 

The next step is to resistance weld the bridgewire 
30 to the inner ends 22,24. The bridgewire 30 is formed 
25 with a loop at the time it is welded to the pins 20,21 by 
one of two ways. Bridgewire 30 can be drawn over a half- 
round pin and welded at the end. Alternatively, the 
machine performing the weld can form the wire itself. 

The first primer 40 is in the form of a slurry or 
30 suspension and is deposited on the bridgewire 30 by 

either a painting process or by dispensing it directly 
onto the bridgewire 3 0 with a series of automatic 
dispensing stations. One such station is an air over 
liquid dispenser made by EFD Inc. of Providence, RI . 
35 Agitating the primer 40,41,1120 continuously during 

manufacturing keeps the primer homogenous. This helps 
achieve high process uniformity. The initiator 10 works 
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best if the first primer 40 or 1120 covers the bridgewire 
30 completely. After application, the solvent is 
evaporated from the slurry by placing the parts in an 
oven for about two hours at about 140 °F. 
5 When the second primer 41 is used, it is composed of 

the same material as the first primer 40, and is in a 
slurry or suspension form. It is placed in the bottom of 
the output cup 160, and dried in the same manner as the 
first primer 40. 
10 In an initiator having the three layer ignition 

structure, the primer 1120 is applied to the bridgewire 
30, by an EPD Dispenser Model 1000XL with a 21 gage 
needle. The formation of voids is eliminated by 
controlling the solvent evaporation rate by applying in a 
15 temperature controlled room at normal room temperature. 

The flash charge is applied on top of the primer, as 
previously described. The flash charge is applied with 
the dispenser described above using an 18 gage needle. 
In an alternate embodiment, the primer 112 0 in a 
20 three layer ignition structure can be pressed onto the 
resistor before the primer dries. The pressing is 
performed by applying a light force with the end of a 
rod. Pressing the primer in this way reduces the 
variation in firing characteristics across all parts. 
25 In an alternative embodiment, an initiator 10 can 

use the same material for both the primer and output 
charge 170. The choice of output charge and primer 
depends on the use intended and the cost of the 
materials. The primer must be sensitive to thermal 
30 energy. The output charge must provide the proper 

ignition characteristics for the gas generant which the 
initiator ignites. 

In a preferred embodiment, an output charge 170 of 
BKN0 3 is a dry powdery or granular material such as a - 
35 20/+48 mesh. A fixed amount of the output charge is 
poured into the output cup 160 . 
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Next, the header 100 with pins 20,21, bridgewire 30 , 
primer 40, and epoxy sealant 140 installed is placed onto 
the output cup 160 and ultrasonically welded together. 
In alternate embodiments, header 100 can be thermally 
5 welded or attached with epoxy onto output cup 160 . 

Ultrasonically welding ^provides a cost effective 
mechanism for sealing a small part. A good ultrasonic 
weld provides a high quality environmental seal with good 
strength. Ultrasonic welding provides a very high 

10 manufacturing yield with automated equipment. Ultrasonic 
welding avoids the need for other equipment or materials 
used in other sealing techniques, such as epoxy with 
curing or inserting an 0-ring. However, a thermal weld, 
epoxy, an O-ring, or other sealing method could be used 

15 to seal the output cup to the header. 

An ultrasonic welding system that produces favorable 
results is made by Herrman Ultrasonics Inc., at 630 Estes 
Avenue, Shaumburg, IL. In particular, this welder 
provides a fine degree of control over the forces used in 

20 the weld. The header should be mounted in the ultrasonic 
welder with a soft mounting, such as an O-ring. This 
will cushion the header against the mounting anvil. 
Additionally, the cup and header must be maintained in 
proper alignment. In one embodiment, a trigger force of 

25 approximately 10 pounds and a welding force of 
approximately 16 pounds is used. 

Figure 17 shows the position of the header 100 and 
the output cup 160 both before and after the ultrasonic 
weld. The right side of Figure 17 shows the output cup 

30 160 placed on the horn 1004 and partially inserted into 
the cup well 70. The horn 1004 provides acoustic energy 
that vibrates the output cup 160 into the cup well 70. 
This melts the material comprising the header 10 0 and the 
end of the output cup 160 together to form a strong 

35 joint The flash trap 1003 provides space for any excess 
material from the welding process to accumulate. The 
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left side of Figure 17 shows the position of the output 
cup 160 after the weld. 

Figure 18 shows a more detailed cross-section of the 
joint structure before welding while Figure 19 shows the 
5 details after welding. The joint shown is a shear joint 
where the output cup 160 is driven against an 
interference 161 with 3 mils to 5 mils interference on 
the joint, with a 40 mils depth, shown by dimension 1001. 
The width of the output cup 160 wall is slightly greater 

10 than the width of the cup well 70. The ultrasonic 

welding process forces the output cup 160 into the cup 
well, and melts the plastic forming the two structures 
together. This establishes a tight, interference fit. 

Figure 20 shows an alternate placement of the horn 

15 1004 with respect to the output cup 160. Here, the horn 
rests on a flange 1005 adjacent to the vertical wall of 
the output cup. 

After attaching the output cup 160 to the header 
100 , one or more electrically conducting ink stripes 

20 1205,1206 are painted onto the outside of the initiator, 
as shown in Figure 9 and Figure 10. The conducting ink 
stripe reduces the risk that electrostatic charge applied 
to the outside of the initiator will discharge through 
the ordnance, primers or flash charge. Accidental 

25 electrostatic discharge presents a serious hazard during 
the manufacture and installation of an initiator. As 
shown in Figure 9, the conducting ink stripes 1205, 1206 
are closely adjacent to the conducting pins 20,21. The 
conducting ink stripes 1205,1206 reduce the gap between 

30 the conducting pins 20,21 and the metal director can 190. 
Providing such a small spark gap can provide a 
preferential safe discharge path with a breakdown voltage 
of approximately 3,000 to 6,000 volts. In addition, an 
electrically conductive ink stripe can be applied 

35 inexpensively with a brush or pen. Omitting a 

preferential spark gap leaves a potential discharge path 
between the director can and the head of the pin through 
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the output cup 160, primer 40, 1120 and flash charge 
1050. 

As an alternate embodiment of a gas generating 
system 3 03 (Figure 1) , the initiator 10 can be modified 
5 to eliminate the need for a solid gas generant enclosure 
304 (Figure 1) . This can be achieved by using a solid 
gas generant, such as a single base smokeless powder, 
instead of the output charge 170 (Figure 2) in the output 
cup 160 (Figure 2) , and making the following 

10 modifications. 

The output cup 160 (Figure 2) must be expanded to 
accommodate the larger mass of the solid gas generant 
required to produce the gas. Second primer 41 (Figure 2) 
is not required. 

15 Figure 13 shows an alternate embodiment of a gas 

generator. Director can 1010 holds the gas generant 305. 
In one embodiment, the director can is composed of 
stainless steel. The initiator output cup 160 contains 
output charge 170. Flash charge 1050 surrounds primer 

20 1120 that, in turn, surrounds bridgewire 30. Bridgewire 
30 is welded to pins 20, 21. Gas generator base 1090 is 
composed of a machined or cast metal part that supports 
header 100. 0-rings 1011,1012 seal the director can to 
gas generator base 1090 and to the header 100. Seal 1096 

25 closes the end of director can 1010. The combination of 
seals 1011, 1012, 1096, and the sealing of the pins 20,21 
and the director can 1010 provide an environmental seal 
for the gas generant 3 05. 

The gas generated by the combustion of gas generant 

30 305 exits port 1095 in director can 1010, which is 

initially closed by seal 1096. The gas flowing out of 
the gas generation system can be used to operate 
mechanical devices, such as seatbelt pretensioners . If 
the pressure of the gas flowing out of the system 

35 increases too rapidly, the mechanical devices using the 
gas may be overstressed and damaged. The dimensions of 
the port 1095 can be set to reduce the rate that the 
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pressure rises on the output side of port 1095. This 
avoids overstressing and potentially damaging any 
attached mechanical system. In one embodiment, port 1095 
is approximately 0.075 inches to 0.250 inches in 
diameter. in a preferred embodiment, port 1095 is 
approximately 0.125 inches in diameter. 

Figure 15 shows an alternate embodiment of a gas 
generator that has a modified gas generator base 1091 
with pin holes 1100 and 1101. Modified header 1080 
differs from header 100 in that it lacks fingers 26 and 
27 that were shown in the initiator of Figure 3. Pins 
20, 21 pass through the modified header 1080 to make 
electrical contact with external circuitry (not shown) . 
The modified gas generator base 1091 provides a more 
15 complete metal backing for the initiator to reduce the 

risk that the pressure generated by the combustion of gas 
generant 305 will rupture the modified header 1080, and 
allow gas to exit out of the back of the part rather than 
through port 1095. 
20 Favorable results have been obtained with the dual 

primer gas generator using 500 milligrams to 1500 
milligrams of smokeless powder, and modifying the 
dimensions of the output cup 160 accordingly. Also, 
using 10 milligrams to 4 0 milligrams of the previously 
25 described primer mix yields good performance. 

Favorable results have been obtained with the three 
layer ignition structure gas generator in Figure 13 using 
300 milligrams to 1500 milligrams of smokeless powder, 
ammonium perchlorate propellant, or BKNO s and modifying 
the dimensions of the director can 1010 accordingly. 

Figure 14 and Figure 16 show an alternate embodiment 
of the gas generator that eliminates output cup 160 and 
output charge 170. This design is more economical to 
construct, but requires that the primer 1120 and the 
35 flash charge 1050 be insensitive to ESD or the gas 

generator base 1090, 1091 provide a low voltage spark gap 
to the pins 20,21. in these embodiments, favorable 
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results have been obtained using 25 milligrams to 60 
milligrams of the flash charge 1050 over 5 milligrams of 
primer 1120. Using 300 milligrams to 1500 milligrams of 
smokeless powder, ammonium perchlorate propellant, or 
5 BKN0 3 and modifying the dimensions of the director can 
1010 accordingly yields favorable results. 

The solvent mixture component MIBK is methyl 
isobutyl ketone and is commonly available in the 
industry. The solvent mixture component MEK is methyl 

10 ethyl ketone and is commonly available in the industry. 

The solvent mixture component N-butyl acetate is commonly 
available in the industry. Black powder is made by Goex, 
among others, and is commonly available in the industry. 
Normal lead styphnate is made by Olin, among others, and 

15 is commonly available in the industry. Ni chrome is a 

metal alloy that is commonly known and available in the 
industry- BKNQ 3 is available from PSI and Tracor, and is 
commonly known in the industry. Smokeless powder is 
commonly known, and is available from I MR. 

20 The following chemicals are commonly known to those 

skilled in the art of initiators. Valox DR48 is 
available from General Electric, and is polybutylene 
terephthalate (PBT) . Florel 2175 is available from 3M. 
Kel-F is available from DuPont . Kraton is made by Shell 

25 Chemical. Viton A and Viton B are made by Dupont. 

It will be appreciated by those of ordinary skill in 
the art that many variations in the foregoing preferred 
embodiments are possible while remaining within the scope 
of the present invention. This application includes, but 

30 is not limited to, automobile air bags, seat belt 

pretensioners, and other similar applications. The 
present invention should thus not be considered limited 
to the preferred embodiments or the specific choices of 
materials, configurations, dimensions, applications, or 

35 ranges of functional parameters employed therein. 



WO 95/11421 



PCIYUS94/12068 



-31- 



WHAT IS CLAIMED ISi 

1 1. An electrical initiator, comprising: 

2 a bridgewire capable of converting electrical energy 

3 to thermal energy; 

4 a primer covering said bridgewire ; 

5 a flash charge covering said primer; and 

6 an output charge covering said flash charge. 

1 2. The electrical initiator of claim 1, wherein said 

2 primer comprises: 

3 about l%-7% by weight of Kraton G; and 

4 about 0.5% -4% by weight of Kraton FG. 

1 3. The electrical initiator of claim 1, wherein said 

2 primer comprises : 

3 about 1%-10% by weight of aluminum; 

4 about 15%-40% by weight of zirconium; 

5 about 20% to 50% by weight of KC10 4 ; 

6 about l%-7% by weight of Kraton G; 

7 about 0.5%-4% by weight of Kraton FG; and 

8 about 10% to 50% by weight of normal lead styphnate. 

1 4. The electrical initiator of claim l, 2, or 3 wherein 

2 said flash charge comprises : 

3 up to 25% zirconium by weight; 

4 up to 25% KC10 4 by weight; 

5 about 20%-80% -100 mesh normal lead styphnate by 

6 weight; 

7 about 5%-50% normal lead styphnate with 3-5 micron 

8 mean particle size; 

9 about l%-5% Kraton G by weight; and 
10 about 0. l%-5% Kraton FG by weight. 

1 5. The electrical initiator of claim 1, wherein said 

2 primer comprises: 

3 about 30% -60% zirconium by weight; 

4 about 30%- 60% KClQ 4 by weight; 
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1 about 1%-10% flake aluminum by weight; 

2 about 2%-8% Kraton G by weight; and 

3 about 0.1%-5% Kraton FG by weight. 

1 6. The electrical initiator of claim 1, 2 or 5, wherein 

2 said flash charge comprises: 

3 about 10%-50% potassium ferricyanide (111) by 

4 weight; 

5 about 30%-75% potassium perchlorate by weight ; 

6 up to 20% zirconium by weight; 

7 about l%-8% Kraton G by weight; and 

8 about 0.5%-6% Kraton FG by weight. 

1 7. The electrical initiator of claim 1, further 

2 comprising: 

3 an output cup containing said primer, said flash 

4 charge, and said output charge ; 

5 a non-conducting header with a pin passing through 

6 said header connected to said bridgewire; 

7 a director can covering said output cup and 

8 connected to said non-conducting header; and 

9 a conducting stripe painted on said header touching 

10 said director can and ending closely adjacent to said 

11 pin. 

1 8. The initiator of claim 7, having a breakdown voltage 

2 between said director can and said pins of approximately 

3 5000 volts. 

1 9. An electrical initiator, comprising: 

2 a header; 

3 a first pin with a first inner end, with said first 

4 pin passing through said header, and said first head in 

5 close proximity to said header; 

6 a second pin with a second inner end, with said 

7 second pin passing through said header, and said second 

8 head in close proximity to said header; and 
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1 an inert material disposed between said first head 

2 and said second head. 

1 10. The initiator of claim 9, further comprising: 

2 a bridgewire connected to said first inner end and 

3 to said second inner end; 

4 a primer covering said bridgewire with said primer 

5 including about l%-7% by weight of Kraton G and about 

6 0.5%-4% by weight of Kraton FG; and 

7 an output cup ultrasonically welded to said header 

8 with said output cup and said header forming a cavity 

9 enclosing said primer. 

1 11. The initiator of claim 10, wherein said output cup 

2 has rounded corners. 

1 12. A gas generator, comprising: 

2 a header; 

3 an ordnance located on a first side of said header; 

4 and 

5 a metal backing plate located on a second side of 

6 said header, with said second side opposite of said first 

7 side. 

1 13 . A gas generator, comprising: 

2 a header ; 

3 a first pin passing through said header; 

4 a second pin passing through said header ; 

5 a bridgewire attached to said first pin said second 

6 pin; 

7 a primer in contact with said bridgewire ; 

8 a flash charge in contact with said primer; 

9 an output charge in contact with said flash charge; 

10 an output cup attached to said header holding said 

11 primer, said flash charge and said output charge; and 

12 an gas generant in contact with said output cup. 
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1 14. The gas generator of claim 13, wherein said primer 

2 comprises : 

3 about l%-7% by weight of Kraton G; and 

4 about 0.5%-4% by weight of Kraton FG. 

1 15. The gas generator of claim 13 or 14 , wherein said 

2 output cup is ultrasonically welded to said header. 

1 16. A gas generator, comprising: 

2 a resistor; 

3 a primer in contact with said resistor; 

4 a flash charge in contact with said primer; and 

5 a gas generant in contact with said flash charge. 

1 17. A method for constructing an electrical initiator 

2 with a three layer ignition structure, comprising: 

3 forming an output cup; 

4 forming a header; 

5 inserting a first pin through said header; 
S inserting a second pin through said header; 

7 attaching a bridgewire to said first pin and said 

8 second pin; 

9 covering said bridgewire with a primer; 

10 covering said primer with a flash charge; 

11 filling said output cup with an output charge; and 

12 ultrasonically welding said output cup to said 

13 header. 

1 18. The method of claim 17 wherein said output cup has 

2 rounded corners. 

1 19. The method of claim 17 wherein said header contains 

2 shear joint. 

1 20. The method of claim 17 wherein said primer comprises 

2 about l%-7% by weight of Kraton G; and 

3 about 0.5% -4% by weight of Kraton FG. 
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1 21. The method of claim 17 wherein said primer comprises 

2 about 1%-10% by weight of aluminum; 

3 about 15% -40% by weight of zirconium; 

4 about 20% to 50% by weight of KC10 4 ; 

5 about l%-7% by weight of Kraton G; 

6 about 0.5%-4% by weight of Kraton FG; and 

7 about 10% to 50% by weight of normal lead styphnate 

1 22. The method of claim 17, wherein said flash charge 

2 comprises : 

3 up to 25% zirconium by weight; 

4 up to 25% KC10 4 by weight; 

5 about 20%-80% -100 mesh normal lead styphnate with 

6 by weight; 

7 about 5%-50% normal lead styphnate with 3-5 micron 

8 mean particle size; 

9 about l%-5% Kraton G by weight; and 
10 about 0.1%-5% Kraton FG by weight. 

1 23. The method of claim 17, wherein said primer 

2 comprises : 

3 about 30%-60% zirconium by weight; 

4 about 3 0%- 60% KC10 4 by weight; 

5 about 1%-10% flake aluminum by weight; 
S about 2%-8% Kraton G by weight; and 

7 about 0.1%-5% Kraton FG by weight. 

1 24, The method of claim 17, wherein said flash charge 

2 comprises : 
3 

4 about 10%-50% potassium ferricyanide (111) by 

5 weight ; 

6 about 30% -75% potassium perchlorate by weight; 

7 up to 20% zirconium by weight; 

8 about l%-8% Kraton G by weight; and 

9 about 0.5%-6% Kraton FG by weight. 
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1 25. The method of claim 17, wherein said first pin is 

2 separated from said second pin by a gap, and 

3 further comprising: 

4 filling said gap between the heads of said first pin 

5 and said second pin with an inert material. 



1 26. A gas generator, comprising: 

2 a gas generant enclosure having a port with a 

3 diameter of approximately 0.125 inches. 



1 27. A method of creating a primer for an initiator, 

2 comprising: 

3 (a) producing -100 mesh normal lead styphnate by 

4 ball milling; 

5 (b) combining zirconium, aluminum, potassium 

6 perchlorate, Kraton G, Kraton FG, and normal lead 

7 styphnate to form a mixture that is 

8 (i) about 1%-10% by weight of aluminum; 

9 (ii) about 15%-40% by weight of zirconium; 

10 (iii) about 20% to 50% by weight of KC10 4 ; 

11 <iv) about l%-7% by weight of Kraton G; 

.12 (v) about 0.5%-4% by weight of Kraton FG; and 

13 (vi) about 10% to 50% by weight of said 

14 -100 normal lead styphnate; 

15 (c) ball milling said mixture with a first solvent; 

16 (d) evaporating said first solvent; 

17 (e) adding a second solvent; and 

18 (f ) magnetically stirring said mixture with said 

19 second solvent. 

1 28. A method of creating a flash charge for an initiator, 

2 comprising: 

3 (a) combining zirconium, aluminum, potassium 

4 perchlorate, Kraton G, Kraton FG, and normal lead 

5 styphnate to form a mixture that is 

6 (i) up to 25% by weight of zirconium; 

7 (ii) up to 25% by weight of KC10 4 ; 
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1 (iii) 20%-80% by weight of -100 mesh normal 

2 lead styphnate; 

3 (iv) 5%-50% by weight of 3-5 micron mean 

4 particle size normal lead styphnate; 

5 (v) l%-5% by weight of Kraton G; and 

6 (vi) 0.1% -5% by weight of Kraton FG 

7 (b) ball milling said mixture with a solvent; and 

8 (c) magnetically stirring said mixture with said 

9 solvent . 
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FIGURE 5 
SUBSTITUTE SHEET (RULE 26) 
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FIGURE 10 
SUBSTITUTE SHEET (RULE 26) 
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FIGURE 13 
SUBSTITUTE SHEET (RULE 26) 



WO 95/11421 



PCT/US94/12068 




SUBSTITUTE SHEET (RULE 26) 



WO 95/11421 



PCT/US94/12068 




FIGURE 15 
SUBSTITUTE SHEET (RULE 26) 
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FIGURE 17 
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FIGURE 20 
SUBSTITUTE SHEET (RULE 26) 
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